Plant 14--3-3 proteins have been shown to play important roles in several regulatory processes, such as metabolic pathways, gene expression and signal transduction.[@R1] Although the involvement of 14--3-3 proteins in plant primary metabolism and signaling pathways is well established, studies to delineate their role in plant secondary metabolism has just begun. Recently, we found that soybean 14--3-3 proteins regulate intracellular localization of GmMYB176 and affect isoflavonoid biosynthesis.[@R2] GmMYB176 is an R1 MYB transcription factor (TF) that regulates expression of *CHS8* gene and isoflavonoid biosynthesis in soybean.[@R3] Many phenylpropanoid genes are regulated by R2R3 MYB TFs in plants.[@R4]^,^[@R5] GmMYB176 is the first R1 MYB TF identified to have a role in plant secondary metabolism. Additionally, GmMYB176 is the first R1 MYB client of 14--3-3 proteins.[@R6] Here, we have identified a new R1 MYB TF, GmMYB62, as 14--3-3 client in soybean. We also demonstrate that GmMYB62 can interact with GmMYB176 and speculate that GmMYB62 may act together with GmMYB176 for gene regulation.

GmMYB62 Interacts with Soybean 14--3-3 Proteins
===============================================

Previously, we conducted a global gene expression analysis during the embryo development in soybean and identified *CHS7* and *CHS8* as the genes crucial for increased isoflavonoid accumulation in soybean seeds.[@R7] Out of several MYB TFs present on the array, 39 MYBs were differentially expressed during embryo development. This data set was used as a source to identify GmMYB176 as *CHS8* gene regulator.[@R3] In this study, we used the same data set and identified two other R1 MYB TFs, GmMYB62 and GmMYB75, whose expression co-relates with the expression of GmMYB176. To investigate if soybean 14--3-3 can interact with other R1 MYB TFs or not, we used a targeted yeast two hybrid (Y2H) assay where GmMYB62 and GmMYB75 were used as bait and SGF14s as prey proteins. As shown in [Figure 1A](#F1){ref-type="fig"}, GmMYB62 interacts with all 16 SGF14s. The interaction between 14--3-3 proteins and GmMYB62 was further validated in planta by using bi-molecular fluorescence complementation (BiFC) assay where translational fusion of SGF14l and GmMYB62 were created with N-terminal (YN) and C-terminal (YC) half of YFP separately under the control of CaMV35S promoter. Both SGF14l-YN and GmMYB62-YC constructs were co-expressed transiently in tobacco epidermal cells by infiltration and protein expression was monitored by confocal laser scanning microscopy. The results confirmed that GmMYB62 and 14--3-3 proteins interact in planta and the interaction is mainly localized in the cytoplasm ([Fig. 1B](#F1){ref-type="fig"}). Negative controls for BiFC assay included co-expression of GmMYB62-YN or YC with the non-fusion half of YFP and co-expression of SGF14l-YN or YC with the non-fusion half of YFP. No YFP signals were observed in the negative controls. Similar experiment was conducted to study interaction between GmMYB75 and SGF14s. No interaction between GmMYB75 and SGF14 was observed in (data not shown).

![**Figure 1.** GmMYB62 interacts with all soybean SGF14s. (A) Yeast two-hybrid assay showing interaction between the GmMYB62 and all 16 SGF14 proteins in soybean. Yeast cells were co-transformed with combination of DNA-binding domain (BK, bait) and activation domain (AD, prey) fused constructs as indicated. SD/-Leu/-Trp and SD/-Ade/-His/-Leu/-Trp correspond to dropout medium lacking Trp and Leu and Ade, Trp, Leu and His, respectively. The co-transformed yeast cultures after 100X dilution were spotted on SD/-Leu/-Trp and SD/-Ade/-His/-Leu/-Trp plate and incubated at 30°C for 5 d. Positive interactions result in yeast growth on the SD/-Ade/-His/-Leu/-Trp plate. (B) BiFC assay to demonstrate the interaction between GmMYB62 and SGF14l. *Nicotiana benthamiana* leaves co-transformed with constructs of GmMYB62 or SGF14l fused to N-terminal (YN) and C-terminal (YC) half of YFP, respectively (as indicated) were imaged 48 h after infiltration, using confocal microscope. (i) GmMYB62-YN+SGF14l-YC; (ii) SGF14l-YN+GmMYB62-YC. Images are shown as YFP, bright field only and merged YFP and bright-field of epidermal *N. benthamiana* leaf cells. Scale bars indicate 40 µm.](psb-7-965-g1){#F1}

GmMYB62 Interacts with GmMYB176 in planta
=========================================

14--3-3s are dimeric proteins which allow them to serve as scaffolds by bringing two different regions of the same phosphoprotein into proximity or two different proteins together. Our previous work and present findings demonstrated that soybean 14--3-3 proteins interact with both GmMYB176 and GmMYB62. To investigate whether GmMYB62 interacts with GmMYB176, we performed BiFC and targeted Y2H assays. The GmMYB62-YN and GmMYB176-YC constructs were coexpressed transiently in tobacco epidermal cells and YFP expression was monitored by confocal laser scanning microscopy. Reciprocal BiFC assay were also performed. Control experiments for BiFC assay were conducted as explained before. As shown in [Figure 2A](#F2){ref-type="fig"}, GmMYB62 and GmMYB176 interact in planta and the interaction is mainly restricted to the nucleus. Some weak interaction between GmMYB62 and GmMYB176 was also observed in the cytoplasm. Interestingly, no positive interaction between GmMYB176 and GmMYB62 was detected in the targeted Y2H assay ([Fig. 2B](#F2){ref-type="fig"}). 14--3-3s are highly conserved eukaryotic proteins. Therefore, binding of tobacco 14--3-3s with GmMYB62 and GmMYB176 cannot be ruled out. Our results suggest that tobacco 14--3-3 proteins may act as scaffolds to bring GmMYB176 and GmMYB62 together.

![**Figure 2.** GmMYB62 forms a homodimer and interacts with GmMYB176 in planta. (A) BiFC assay to demonstrate the interaction between GmMYB62 and GmMYB176 and GmMYB62 monomers. *N. benthamiana* leaves co-transformed with constructs of genes fused to N-terminal (YN) or C-terminal (YC) half of YFP, (as indicated) were imaged 48 h after infiltration, using confocal microscope. (i) GmMYB62-YN+ GmMYB176-YC; (ii) GmMYB176-YN+GmMYB62-YC; (iii). GmMYB62-YN+ GmMYB62-YC. Images are shown as YFP, bright field only and merged YFP and bright-field of epidermal *N. benthamiana* leaf cells. Scale bars indicate 40 µm. (B) Y2H assay showing interaction between the GmMYB62 monomers. Yeast cells were co-transformed with combination of DNA-binding domain (BK, bait) and activation domain (AD, prey) fused constructs as indicated. SD/-Leu/-Trp and SD/-Ade/-His/-Leu/-Trp correspond to dropout medium lacking Trp and Leu and Ade, Trp, Leu and His, respectively. A 100 fold diluted co-transformed yeast cultures were spotted on SD/-Leu/-Trp and SD/-Ade/-His/-Leu/-Trp plate and incubated at 30°C for 5 d. Positive interactions result in yeast growth on the SD/-Ade/-His/-Leu/-Trp plate.](psb-7-965-g2){#F2}

GmMYB62 Forms a Homodimer
=========================

To elucidate if GmMYB62 monomers can interact with each other, we conducted BiFC assay where translational fusion of GmMYB62 with YN and YC half of YFP were used. Both GmMYB62-YN and GmMYB62-YC were infiltrated in tobacco leaf epidermal cells and transient expression was monitored by confocal microscopy. As shown by the YFP signals, GmMYB62 monomers interact together and the interaction was localized in the nucleus (Fig. 2Aiii). We also performed targeted Y2H assay to confirm if GmMYB62 forms a homodimer. As shown in [Figure 2B](#F2){ref-type="fig"}, the interaction between GmMYB62 monomers was determined by colony growth on selective media.

14--3-3 proteins bind with a wide array of target proteins and regulate the activities of target proteins via protein-protein interaction.[@R8]^,^[@R9] Binding of a 14--3-3 protein to its target can affect localization of the target protein within the cell. Upon binding to a 14--3-3 protein, a telomerase protein (TERT) is transported to the nucleus,[@R10] while histone deacetylases (HDAC4 and HDAC5) are sequestered in the cytoplasm upon 14--3-3 interaction.[@R11] Recently we discovered that 14--3-3s regulates the subcellular localization of GmMYB176 thereby affecting isoflavonoid biosynthesis in soybean.[@R2] GmMYB62 is a new R1 MYB client of soybean 14--3-3 proteins that forms a homodimer in the nucleus. However, upon interaction with SGF14l, GmMYB62 was restricted to the cytoplasm (compare [Figure 1B](#F1){ref-type="fig"} and 2Aiii). Our results demonstrate the dual implications of SGF14s binding to GmMYB62 and GmMYB176: (a) bringing GmMYB62 and GmMYB176 together, and (b) modulating their intracellular localization. Even though the significance of these interactions is not fully understood yet, the involvement of SGF14 and GmMYB176 and their interaction with GmMYB62 suggests the possibility that GmMYB62 may play a role in isoflavonoid biosynthesis in soybean.

Taken together, GmMYB62 is a new R1 MYB client protein of soybean 14--3-3 proteins. Binding of GmMYB62 to 14--3-3 helps its association with GmMYB176 in the nucleus that possibly leads into gene regulation. Identification of target gene (s) and processes regulated by these interactions are currently being studied.
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